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HYDROLOGIC RELATIONS BETWEEN STREAMFLOW AND SUBALPINE WETLANDS
IN GRAND COUNTY, COLORADO

By Barbara C. Ruddy and Robert S. Williams, Jr.

ABSTRACT

Diversion of streamflow has been proposed from the South Fork Williams
Fork (of the Colorado River ‘basin) in Grand County, Colorado, to the South
Platte River basin in eastern Colorado. Wetlands are adjacent to the South
Fork Williams Fork at numerous locations in this subalpine valley. The study
was designed to evaluate the hydrologic relations between the stream and the
adjacent wetlands and to evaluate the potential effects that changes in stream
stage resulting from diverting streamflow will have on the hydrology of the
wetlands.

Four wetlands were studied. Streamflow was expected to be a major source
of water supply to two of the wetlands; however, precipitation, snowmelt,
valley side-slope flow (including overland and small-channel flow), and
ground-water inflow were determined to be the major factors affecting wetland
hydrology and the major source of water at all four wetlands. In addition,
beaver activity affected water movement in the wetlands.

The hydrologic relations in wetlands 1, 2, and 4 were similar. Stream-
flow is not a substantial source of water to wetlands 1 and 4. The data
indicate that ground water flows from the wetlands to the stream. The water
sources for the wetlands are precipitation, snowmelt, valley side-slope flow,
and ground-water inflow. Overbank flooding did not occur at wetlands 1 and 4.
A similar streamflow and wetlands relation exists at wetland 2, with one
exception. Near the downstream end of wetland 2, beavers built a dam in the
fall of 1985; the resulting backwater flooded part of the wetland. Ground-
water levels rose, and the concentrations of dissolved solids and trace
elements increased in the ground water. Water levels in the wells at wetlands
1, 2, and 4 nearly always were higher in elevation than the stream.

The hydrologic relation between streamflow and wetland 3 was more complex
than at the other wetlands. Generally, the water flowed from the wetland to
the stream except when stream stage was changed by beaver activity and on the
east side of cross section 3A. Beaver-dam construction caused increased
stream stage, increased ground-water levels, and sometimes adjacent wetland
flooding. Beaver-dam destruction relocated streamflow and lowered stream
stages and wetland ground-water levels adjacent to the dams. The east side of
cross section 3A is physiographically different from the other wetlands. Data
that were collected using a hydraulic potentiomanometer indicated water move-
ment from the stream into the wetland ground water at the upstream end of the
wetland and from the wetland ground water to the stream at the downstream end
of the wetland.
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The primary conclusion of the study is that streamflow is not a substan-
tial source of recharge to the ground water in the wetlands. Stream overbank
flow and stream recharge to the wetland ground water were uncommon and
affected only a limited area near the stream. Consequently, decreases in
stream stage due to diversion of main-channel surface-water flows likely will
not affect most of the wetland areas studied.

INTRODUCTION

Diversion of streamflow from the South Fork Williams Fork in the upper
Williams Fork basin (of the Colorado River basin) in Grand County to the South
Platte River basin in eastern Colorado is being considered by the Denver Water
Department for use in the Denver metropolitan area. Subalpine wetlands adja-
cent to the South Fork Williams Fork and the main stem Williams Fork support
aquatic and terrestrial plants and provide habitat for wildlife. Wetlands are
areas that periodically support predominantly hydrophytic vegetation (Cowardin
and others, 1979). Maintenance of the water supply to wetlands is essential
to the existence of those wetlands. Possible sources of water for the sub-
alpine wetlands in the Williams Fork basin include direct recharge from pre-
cipitation and snowmelt, streamflow in the main channels, valley side-slope
flow (including overland flow, which is water that travels over the ground
surface to the channel, and small-channel flow), and ground-water inflow from
areas upgradient from the wetlands. Interruptions in the water supply to the
wetlands may change the vegetation and wildlife habitat of the wetlands. If
the stream is the major source of water for the wetlands, then diversion of
stream water could disrupt the hydrology of the wetlands. If, however, another
source of water (precipitation, snowmelt, valley side-slope flow, ground-water
inflow) supplies water for the wetlands, then changes in stream stage due to
diversion may not substantially affect the hydrology of the wetlands. Little
documented hydrologic information was available about the relation between
streamflow and subalpine wetlands; therefore, the U.S. Geological Survey and
the Denver Water Department began a cooperative study in October 1984 to
investigate the hydrology of the near-stream we#lands in the upper Williams
Fork basin.

Purpose and Scope

This report describes the hydrologic relations of streams and selected
wetlands in the upper Williams Fork basin and the potential effects of
streamflow diversion, as defined by changes in stream stage, on the water
supply to the wetlands. Specifically, the hydrologic relations between the
streams, ponds, and ground water in the wetlands are discussed with reference
to stream stage, precipitation, shallow ground-water levels, and surface- and
ground-water chemistry for October 1984 through September 1988. Most of the
work for the study was done in the South Fork Williams Fork basin; therefore,
the emphasis of this report is on the hydrology of the South Fork Williams
Fork. However, water-level data were collected for 1 year in the main stem
Williams Fork basin at a site that was considered representative of wetlands
on the main stem Williams Fork upstream from the confluence of the South Fork
Williams Fork. 1
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DESCRIPTION OF THE STUDY AREA

The Williams Fork of the Colorado River basin is in north-central
Colorado, in Grand County, about 50 mi west of Denver (fig. 1). The main stem
Williams Fork and the South Fork Williams Fork originate west of the
Continental Divide at an elevation of about 11,500 ft. The South Fork
Williams Fork flows generally northwest for about 13.5 mi before joining the
main stem Williams Fork, which flows west, and then northwest. The South Fork
Williams Fork flows through a series of wetlands before it joins the Williams
Fork at an elevation of about 8,950 ft. The South Fork Williams Fork drains
an area of 27.5 mi2. At places, the valley constricts to the width of the

stream channel (about 20-40 ft).

Most of the Williams Fork and the South Fork Williams Fork basins are
underlain by Precambrian hornblende gneiss (Lovering and Goddard, 1950).
Part of the Williams Fork basin also is underlain by the Precambrian Silver
Plume Granite (Lovering and Goddard, 1950). The South Fork Williams Fork
valley (upstream from wetland 2) is U-shaped because it was glaciated during
the Pleistocene; glacial deposits, mostly morainal, cover the bedrock
(Lovering and Goddard, 1950). Downstream from wetland 2 (fig. 1), the valley
bottom is composed of alluvium, rockslide deposits, and pond deposits.

Throughout time, the stream channels have changed location on the valley
floor. Past and present beaver activity has affected location of the stream
channels and has created ponds where fine-grained material and organic matter
have been deposited. Occasionally, pond deposits and stream-channel deposits
have become buried as the channel changes location. Stream-channel deposits
are characterized by fairly well-washed sand, gravel, and cobbles; pond
deposits are characterized by fine-grained organic material, clay, and silt
material. In some areas, the deposits can be gradational. Additionally,
rockslides from the valley sides have deposited large boulders and cobbles
onto the valley floor. The subsurface occurrence and distribution of these
various types of deposits generally are unknown, but they may have substantial
effects on the movement and quality of shallow ground water.

Wetland vegetation in the study area is comprised of willows, grasses,
and forbs. Adjacent to the wetlands are coniferous forests of spruce, fir,
and lodgepole pine. Aspens grow in the steep avalanche chutes and hillsides,
and stands sometimes extend to the valley bottoms.

Mining occurred in the upper part of the Williams Fork basin during the
early 1900's (Lovering and Goddard, 1950). The Bobtail mine, part of the
Jones Pass mining district, was on Bobtail Creek, a tributary to the Williams
Fork. The mined ore was a complex lead-zinc ore.
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Figure 1.--Location of study area and wetlands
(modified from Ruddy, 1989).

The upper Williams Fork and South Fork Williams Fork basins are in the
Arapahoe National Forest. The primary land use of the area is recreation--
camping, hiking, fishing, and hunting. Access to the area is restricted; use
of motor vehicles is limited to the lower part of the basin. The upper
Williams Fork basin has been used as a water supply for the Denver metro-
politan area since 1940.

DATA-COLLECTION LOCATIONS AND METHODS
Hydrologic data were collected at four wetlands (hereinafter referred to
as wetlands 1-4) and at the proposed diversion site (inflow site) (fig. 1).

Three wetlands were selected for sampling on the South Fork Williams Fork
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(fig. 1; wetlands 1, 2, and 3); wetland 4 was selected for sampling on the
main stem Williams Fork. The four wetlands were selected for study based on
(1) the presence of typical wetland vegetation and (2) differences in
streamflow-wetland environment. Data collection at wetland 4 was discontinued
after the first year of the study because the maximum measured stream stage in
1985 was 3 ft lower than the ground water in the adjacent wetland and it
seemed unlikely that the stream was contributing water to the wetland. Data
collection at wetland 3 was expanded and changed during water years 1986
through 1988. Meteorological data were collected near the upstream and
downstream parts of the study area in the Williams Fork basin during the 1985
and 1986 water years. The surface- and ground-water data-collection sites
that were established within the wetlands in the study area are listed in
table 1 and are shown in figures 2-5. The inflow site is included in table 1
and shown in figure 1.

Surface Water

Streamflow data were collected at the inflow site and at each wetland.
Seven streamflow-gaging stations were installed consisting of a digital water-
stage recorder in a metal box-type shelter on a 4-in.-diameter pipe stilling
well and an outside staff gage in the same pool. Stream stage was recorded
every 30 minutes. Streamflow measurements were made approximately monthly to
develop a stage-streamflow relation. Six crest-stage gages were placed
adjacent to the stream at locations to record overbank flooding of the
wetlands. These gages were made of 2-in.-diameter pipe, driven 2 ft into the
alluvium. Several sets of intake holes were located near the base of the
gage. A wooden rod and granulated cork were in the pipe; when the stream
stage rose, the cork floated and left a corkline on the rod. The maximum
annual stream stage was recorded. A staff gage and 90° V-notch weir were
placed in tributaries at wetlands 1 and 2. Staff gages were placed in two
beaver ponds at wetland 2. In 1987, staff gages were installed in the South
Fork Williams Fork at each well cross section to define empirical relations
between stage in the cross sections and streamflow at the most representative
gaging station. Measured streamflow at the gaging station was related to
stream depth at the cross sections. Regression equations, using streamflow at
the gaging station, were developed to estimate stream stage at the cross
section for dates when measurements were not made.

Ground Water

Ground-water data were collected to help determine flow direction between
the streams and wetlands. Using a portable auger, wells were drilled to a
depth at which the auger seized in the hole and further drilling was not
possible. At this depth (1.5 to 7 ft), it was assumed that the auger came in
contact with large cobbles or bedrock. Most wells were cased with 2-in.-
diameter, schedule-40 polyvinylchloride (PVC) pipe. The lower part of the
casing was either screen or slotted pipe. Three wells were cased with 4-in.-
diameter, schedule-40 PVC pipe and screen. The screen-slot size was 0.020 in.,
and the length of the screen or slotted PVC was dependent on the total well
depth. Streambed sand and gravel were used to gravel pack the wells to within
2 ft of natural land surface. Bentonite was used to cement and seal the well.



EXPLANATION
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Figure 2.--Sampling sites at wetland 1.

Native soil and surface material were used to cover the bentonite. To develop
the well, stream water was pumped into the we}l for 1 to 5 minutes, and then
water was pumped out until the well went dry.
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Figure 25.--Stream stage and ground-water levels at wetland 3,

May through September 1987.
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Figure 25.--Stream stage and ground-water levels at wetland 3,

May through September 1987--Continued.
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Figure 25.--Stream stage and ground-water levels at wetland 3,

May through September 1987--Continued.
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Figure 25.--Stream stage and ground-waler levels at wetland 3,
May through September 1987--Continued.

Table 10.--Dissolved-iron-concentration data collected at wetland 3,
water years 1985+86

(Values in micrograms per liter; streamflow-gaging station 09035870, South Fork Williams Fork
below Short Creek near Ptarmigan Pass; streamflow-gaging station 09035880, South Fork
Williams Fork below 0ld Baldy Mountain, near Leal; -=-, no data; <, less than]

Well Well Well Well Well Well Well Well

Date 09035870 37 3UE2  3aW1  3AW2  3AW3  3AE1  3Bw1  3BE2 09035880
11-01-84 25 54 -- -- -- -- -- -- -- --
04-30-85 54 54 -- -- -- -- -- -- -- --
06-04-85 25 81 -- -- -- -- -- -- -- --
08-13-85 24 24 -- -- -- -- -- -- -- --
10-18-85 25 33 210 -- - -- -- -- -- 44
03-25-86 -- 95 540 5,500 700 -~ 7,000 68 5,100 51
06-05-86 54 23 120 2,300 740 3,400 4 90 <3 59
07-11-86 21 40 59 4,700 810 -- 6,900 220 3,000 26
08-25-86 23 16 -~ 6,700 -- -- -- 25 680 37
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Figure 26.--Stream stage and ground-water levels at wetland 3,
May through September 1988.
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Table 11.--Specific-conductance data collected with the hydraulic
potentiomanometer at wetland 3, cross section A, 1988

. . . . . A
[Values in microsiemens per centimeter at ZP degrees Celsius; --, no data]
ol

Date
Site name
June 1-2 June 13-14 July 18-19 September 27
PE1 80 79 83 84
PE2 78 69 59 184, 59
PAE1 165 79 -- 114
PE4 87 28 61 75
PES 90 52 -- 71
PE6 - -- 54 64
PE7 - 329 -- 257
PE8 -- 39 - 73
Stream 56 42 59 84

|

IThe specific conductance of 84 was from a sample at 2.21 feet; the
specific conductance of 59 was from a sample at 3.14 feet.
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EXPLANATION
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Figure 27.--Onsite specific-conductance data at wetland 3, March 25, 1986.
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EXPLANATION

BEAVER DAM SAMPLING LOCATIONS AND NUMBER
48 NUMBER IS SPECIFIC A Streamflow-gaging station
CONDUCTANCE, IN v Water-quality site
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Figure 28.~-Onsite specific-conductance data at wetland 3, June 5, 1986.
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Throughout wetland 3, water generally flows from the wetland toward the
stream. The ground-water levels always sloped toward the stream except at
cross section A on the east side. Additional investigation at this site indi-
cated that water moved through the wetland--from the stream to the wetland at
the upstream end of the meander lobe and from the wetland to the stream at
the downstream end. This situation was unique within the study area but could
occur in other wetlands. Although there are some areas within wetland 3 where
the stream and ground water are hydrologically connected, the ground-water
levels are above the stream stage (except in wells 3AE1 and 3AE2). Most of the
recharge to the wetland is from precipitation, snowmelt, valley side-slope flow,
and ground-water inflow. Most of wetland 3 should not be affected by decreases
in stream stage resulting from diverting water from the South Fork Williams Fork.

Wetland 4

This wetland, which is on the north side of the Williams Fork, is much
higher in elevation than the stream and contains a large beaver pond. From
the base of the beaver dam, the land surface slopes steeply down to the stream
channel. The north slope has a dense growth of willows. On the south side of
the stream, the valley side slopes steeply to the stream channel and the
vegetation is comprised of coniferous forest. A crest-stage gage and four
wells were installed at wetland 4 (fig. 5). The observation wells on the
south side of the stream were dry most of the year (table 12). No overbank
flooding of the wetland was measured. Monitoring of this wetland was discon-
tinued after 1 year because the Williams Fork probably does not flood the
adjacent wetland and because decreases in stream stage would have little or no
effect on the wetland. The sources of recharge to wetland 4 probably are the
same as at the other wetland sites studied on the South Fork Williams Fork:
precipitation, snowmelt, valley side-slope flow, and ground-water inflow.

Table 12.--Water levels in wells at wetland 4

Depth below land surface, in feet

Date Well Well Well Well

4N1 4N2 481 4582

10-30-84 0.03 0.04 Dry Dry
12-04-84 Frozen Frozen Frozen Frozen

04-30-85 .11 .02 Dry Dry

07-16-85 .57 .28 1.48 Dry

10-10-85 .67 .30 1.08 Dry
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SUMMARY AND CONCLUSIONS

The U.S. Geological Survey and the Denver Water Department cooperated in
a study to evaluate the hydrologic relations between the South Fork Williams
Fork and adjacent subalpine wetlands and to evaluate the potential effects
that changes in stream stage resulting from diverting streamflow will have on
the hydrology of the wetlands. Four wetlands were studied. Streamflow was
expected to be a major source of water to two of the wetlands; however,
precipitation, snowmelt, valley side~slope flow (including overland and small-
channel flow), and ground-water inflow were determined to be the major factors
affecting wetland hydrology and the major source of water at all four wetlands.
In addition, beaver activity affected water movement in the wetlands.

The hydrologic relations in wetlands 1, 2, and 4 were similar. Stream-~
flow is not a substantial source of water to wetlands 1 and 4. Streamflow
measurements, ground-water-level measurements, and water-chemistry analyses
indicate that ground-water flow was from the wetlands to the stream. The
sources of water to the wetlands are precipitation, snowmelt, valley side-
slope flow, and ground-water inflow. Overbank flooding did not occur at
wetlands 1 and 4. A similar streamflow and wetlands relation exists at
wetland 2, with one exception. Near the downstream end of wetland 2, beavers
built a dam in the fall of 1985; the resulting backwater flooded a small part
of the wetland. Ground-water levels rose, and the concentrations of dissolved
solids and trace elements in the ground water increased as a result of this
flooding. Water levels in the wells at wetlands 1, 2, and 4 nearly always
were higher in elevation than the stream. Seasonal differences in stream
elevation and ground-water levels do occur. In June, stream elevation and
ground~water levels are a function of snowmelt. In September, stream eleva-~
tion is a function of ground-water discharge and storm events, whereas
ground-water levels are a function of accumulated evapotranspiration loss and
decreased direct recharge. Seasonal decreases in ground-water levels are not
due to decreases in stream elevation; therefore, changes in stream elevation
do not substantially affect ground-water levels at wetlands 1, 2, or 4.

The relation between streamflow and wetland 3 was more complex than at
the other wetlands. Generally, the water flo?ed from the wetland to the
stream with two major exceptions: (1) When stream stage was changed by beaver
activity, and (2) on the east side of cross section 3A. Beaver dams have an
unpredictable effect on all of wetland 3. Beaver dam construction caused
increased stream stages, increased ground-water levels, and sometimes adjacent
wetland flooding. Beaver dam destruction relocated streamflow and lowered
stream stages and wetland ground-water levels adjacent to the dams. Because
the location of future beaver activity cannot be predicted, neither can the
effects of a beaver dam on wetland 3. The east side of cross section 3A is
physiographically different from the other wetlands. Data that were collected
using a hydraulic potentiomanometer indicated water movement from the stream
into the wetland ground water at the upstream end of the wetland and from the
wetland ground water to the stream at the downstream end of the wetland.

The primary conclusion of the study is that because streamflow is not a
substantial source of recharge to the ground water in the wetlands, decreases
in stream stage due to diversion of main-channel surface~water flows likely
will not affect most of the wetland areas studied. Wetlands in the South Fork
Williams Fork receive water mainly from precipitation, snowmelt, valley side-
slope flow (including overland and small-channel flow), and ground-water
inflow. Stream~overbank flow and stream recharge to wetland ground water were
uncommon and affected only a limited area near the stream.
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